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A comparison o f t h e l a s e r performancm o f t h e B "10 t r a n s i t i o n a t 2.1 micron i n m u l t i p l y doped HooYLF and Ho:YAB b o t h i n C W and p u l s r d o p e r a t i n g modes i s reported. CW o p e r a t i o n was c a r r i e d out a t 1 i q u i d n i t r o g e n temperature, w h i l e t h e pulsed l a s e r was operated i n t h e temperature range from 86K t o 220K. I n both YAQ and YLF, t h e l a s e r t h r e s h o l d shows a f a s t r i s e w i t h temperature. The t o t a l l a s e r power a t h i g h pumpimg l e v e l s g r a d u a l l y decreases w i t h temperature i n YeG.
I n YLF, however, t h e lamer output i s peaked around 150K. The l a s e r performance as a f u n c t i o n o f temperature, pumping energy and c o u p l i n g m i r r o r w i l l be presented.
I n t r o d u c t i o n
The importance o f l a s e r emission o f v a r i o u s r a r e e a r t h i o n s doped i n c r y s t a l m a t r i x i n t h e s p e c t r a l range o f 1.3-2.Spm i s w e l l established. I n p a r t i c u l a r , t h e 2. l v m l a s e r l i n e of Ho3' appears t o be an a t t r a c t i v e p o t e n t i a l candidate as a source f o r rangefinders, t a r g e t i l l u m i n a t o r s , parametric o s c i l l a t o r s end f o r medical application^'^'. Hox' e x h i b i t s a r e l a t i v e l y l o n g l i f e t i m e o f t h e e m i t t i n g l e v e l "17, which r e s u l t s i n e h i g h energy etorage c a p a b i l i t y and e f f i c i e n t GI-Switched o p e r a t i o n c = ? ' . As a r e s u l t , r e v e r a l s t u d i e s of C W and pulsed Holmium 1 aser o p e r a t i on and spectroscopic s t u d i e s of some Ho doped c r y s t a l s have been conducted and r e p o r t e d w i t h emphasis on YLF end YhG doped Hex'. Although YLF e x h i b i t 5 a negative change o f i t s 3ef r a c t i on i'ndex versus temperature ( t h u s i mpl y i nq 1 ower thermal l e n s i n g i n YLF than i n YAB) , i t a l s o shows a l~w e r thermal c o n d u c t i v i t y than YAQ, which l i m i t s t h e o p e r a t i o n t o r e l a t i v e l y low average power a p p l i c a t i o n s . The thermal l o a d on t h e c r y s t a l can be minimized by employing a pulsed pumping source. Since YAO i s much e a s i e r t o handle than YLF, i t i s u s e f u l t o compare t h e two h o s t s and f i n d out which one i 5 b e t t e r f o r CW and f o r pulmad o p e r a t i o n a t 2.1pm.
I t i s a l s o important t o i n v e s t i g a t e s o l a r i z a t i o n e f f e c t s , which
a r e considered as a l i m i t a t i o n f a c t o r i n t h e o p e r a t i o n of r a r e e a r t h s doped YAQ l a s e r material^'^'.
Experimental
The experimental set-up has been described recent1 y '"' . B r i e f 1 y , t h e laser pumping head was a water cooled e l l i p t i c a l r e f l e c t o r coated by g o l d f o r CW o p e r a t i o n o r a i l v e r f o r pulsed operation. The pumping source f o r t h e CW Holmium l a s e r i s a tungsten-halogen lamp w i t h i n p u t e l e c t r i c a l power l e v e l s f a t 50Hz) of up t o 1 5 0 0 W .
A xenon f 1 ashtube (3mm bore diameter, 450 t o r r ) , pumped i n t h e range o f 305 -290J wee employed i n t h e pulsed version. The evacuated l a s e r head i s sealed by two a n t i r e f l e c t i on coated IR-quartz windows, thus a1 lowing l a s e r operation w i t h e x t e r n a l m i r r o r s . The l a s e r r e a r r e f l e c t o r were o f 75mm i n l e n g t h , 5mm i n diameter, w i t h p l a n e p a r a l l e l AH coated ends. Both Y L F and YAG c r y s t a l s were h i g h l y doped w i t h E r * = and Tm+% and w i t h a low c o n c e n t r a t i o n o f Ho'=.
The s t r o n g and broad a b s o r p t i o n bands o f Erx' and t h e consequent energy t r a n s f e r t h r o u g h Tmx' i o n s t o Ho3' i o n s , l e a d s t o an i n c r e a s e o f t h e c a v i t y t r a n s f e r e f f i c i e n c y and t h u s c o n t r i b u t e s t o t h e o v e r a l l l a s e r e f f i c i e n c y ' " ' . The l a s e r r o d s were t e s t e d f o r l a s i n g perfomance i n t h e same c a v i t y . With each l a s e r rod, t h e l a s e r o u t p u t emission was measured as a f u n c t i o n o f t h e lamp i n p u t power, and from t h a t measurement t h e l a s e r s l o p e efficiency was obtained.
W e f i r s t deal w i t h t h e CW l a s e r working mode. Working w i t h Ho:YI-F, more t h a n 10 r o d s f r o m t h r e e d i f f e r e n t b o u l e e were d y n a m i c a l l y cheched i n t h e l a s e r c a v i t y . a t b o t h two holmium doping l e v e l s i n YLF.
I t i s w o r t h w h i l e t o n o t e t h a t no c l e a r d i f f e r e n c e i n s l o p e e f f i c i e n c y o r performance between t h e two d i f f e r e n t doping l e v e l s was observed. The l o s s v a l u e i n t h e l a s e r r o d was o b t a i n e d f r o m a measurement
o f t h e l a s e r o u t p u t power as a f u n c t i o n o f lamp e l e c t r i c a l power, f o r d i f f e r e n t o u t p u t c o u p l e r s . ' " ' 0 r e p r e s e n t i n g v a l u e o f t h e l o s e i s 0.7%/cm f o r t h e Ho:YLF r o d s ' 7 ' . Working w i t h Ho:YAG, f i v e r o d s from t h e same b o u l e were s y s t e m a t i c a l l y compared i n t h e l a s e r system as above. F i g . 2 p r e s e n t s t h e r e s u l t s o+ t h e l a s e r o u t p u t power versus lamp power f o r r o d #3 ( w i t h a rtominal c o n c e n t r a t i o n o f 0.5 % a t o f Ho") . 6s i s c l e a r 1 y seen f r o m t h e f i g u r e t h e l a s e r t h r e s h o l d i n Ho:YAG i s s e n s i t i v e t o t h e magnitude o f t h e o u t p u t coup1 i n g . The average s l o p e e f f i c i e n c y o b t a i n e d f o r Ho: YAG w i t h t h e 80% m i r r o r i s 3.4+0.2% w i t h 0.4% s t a n d a r d d e v i a t i o n , w h i l e t h e round t r i p l o s s i n t h e r o d s was found t o be around l % / c m I 7 ' . S i n g l e p u l s e Holmium YLF and YAG l a s e r was operated a t v a r i o u s temperatures ( 8 6 K -2 2 0 K ) and a t d i f f e r e n t i n p u t e l e c t r i c a l energies. I n b o t h Ho: YLF and Ho: YAG, t h e 1 aser t h r e s h o l d i n c r e a s e s sharp1 y w l t t l t h e inc.rease of t h e temperature. As expected, t h e l a s e r t h r e s h o l d and s l o p e e f f i c i e n c y depend on t h e v a l u e o f t h e nutptrt coupler.. A t H-50% ( t h e lowest a v a i l a b l e m i r r o r ) , t h e b e s t l a s e r performance, w i t h up t o 2.4J/pulse i n YLF was obtained. CW l a s e r power versus lamp e l e c t r i c a l power f o r an Ho:YAQ w i t h t h r e e output couplhre I n YAG, t h e l a s e r output was decreased w i t h temperature. I n YLF, a t h i g h l e v e l of xenon lamp pumping, t h e l a s e r output energy was increased w i t h t h e increase of temperature from l i q u i d n i t r o g e n temperature up t o about 150K, and then g r a d u a l l y decreased. This unexpected phenomenon which war observed on1 y a t h i g h 1 amp e x c i t a t i o n energy w i l l be explained and modelled s h o r t l y .
